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Risk stratificationBackground: No set guidelines to guide disposition decisions from the emergency department (ED) in patients
with COVID-19 exist. Our goalwas to determine characteristics that identify patients at high risk for adverse out-
comes who may need admission to the hospital instead of an observation unit.
Methods:We retrospectively enrolled 116 adult patients with COVID-19 admitted to an ED observation unit. We
included patients with bilateral infiltrates on chest imaging, COVID-19 testing performed, and/or COVID-19
suspected as the primary diagnosis. The primary outcomewas hospital admission.We assessed risk factors asso-
ciated with this outcome using univariate and multivariable logistic regression.
Results: Of 116 patients, 33 or 28% (95% confidence interval [CI] 20–37%) required admission from the observa-
tion unit. On multivariable logistic regression analysis, we found that hypoxia defined as room-air oxygen satu-
ration < 95% (OR 3.11, CI 1.23–7.88) and bilateral infiltrates on chest radiography (OR 5.57, CI 1.66–18.96) were
independently associated with hospital admission, after adjusting for age. Two three-factor composite predictor
models, age > 48 years, bilateral infiltrates, hypoxia, and Hispanic race, bilateral infiltrates, hypoxia yield an OR
for admission of 4.99 (CI 1.50–16.65)with an AUC of 0.59 (CI 0.51–0.67) and 6.78 (CI 2.11–21.85) with an AUC of
0.62 (CI 0.54–0.71), respectively.
Conclusions:Over 1/4 of suspected COVID-19 patients admitted to an ED observation unit ultimately required ad-
mission to the hospital. Risk factors associatedwith admission include hypoxia, bilateral infiltrates on chest radi-
ography, or the combination of these two factors plus either age > 48 years or Hispanic race.
© 2020 Elsevier Inc. All rights reserved.1. Introduction
A novel coronavirus (Coronavirus Disease 2019 or COVID-19) was
first identified as a human pathogen in November of 2019 in China. At
the time of the writing of this manuscript, the pandemic caused by
this virus is still ongoing. The outbreak presents a significant threat to
global health: rapidly spreading across the globe, and infecting millions
of patients and killing hundreds of thousands, with numbers increasing
on a daily basis [1-3]. The mortality rate from the disease has been esti-
mated from0.4% to 7% [4], and iswidely recognized to be affected by age
and comorbidity, with patients aged >70 and those with multipleof Medicine, Department of
ulty Office Building, 3rd Floor
d States of America.
ng, R.R. Ehrman, et al., Risk fa
Emergency Medicine, https:cardiovascular or pulmonary comorbidities being at exponentially
higher risk of death [5-9]. While most patients who contract COVID-
19 havemild symptoms initially, many of these patients develop severe
symptoms 7–10 days into their illness [9,10].
Since patients present to the emergency department (ED) at any
point during the spectrum of illness, it can be difficult to determine
which patients require admission and which are safe for discharge.
Some EDs utilize an observation unit, where patients continue to be ob-
served and managed for an additional 24 h to decide if the patient ulti-
mately needs admission to the hospital or is stable for discharge. Clinical
decisions aids can accurately identify patients at risk for a bad outcome.
While some aids have been developed to identify severe cases of COVID-
19 in already admitted patients [11,12], no studies have assessed lower
risk patients in the ED. Thus, there remain no set criteria or recommen-
dations to guide disposition in ED patients with or suspected COVID-19.
If we could predict which patients will ultimately require hospital ad-
mission within 24 h of observation time, we would be able to morectors associated with hospital admission in COVID-19 patients initially
//doi.org/10.1016/j.ajem.2020.10.009
Fig. 1. Patient flow through study.
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sions and potentially improve patient care.
The primary objective of this studywas to determine risks factors as-
sociatedwith hospital admission in patients admitted to an ED observa-
tion unit with COVID-19 or suspected COVID-19.
2. Methods
2.1. Study design
This was a retrospective study of adult patients with suspected
COVID-19 admitted to an ED observation unit over a 6-week period
(3/11/20 to 4/20/20), during the peak COVID-19 surge experienced at
our institution. Patients were enrolled from one large urban academic
ED with an annual census of 105,000 patient visits. The ED observation
unit has 12 staffed beds. During this time period around 1070 COVID or
suspected COVID patients were seen in the ED, and 579 were admitted
to the hospital. This study was approved by the Institutional Review
Board.
We included all adult patients (>18 years old) who were admitted
to the ED observation unit with any of the following: 1) bilateral infil-
trates on chest imaging (radiography or computed tomography),
2) COVID-19 testing performed, and/or 3) COVID-19 suspected as the
primary diagnosis as documented by the clinical team.We excluded pa-
tients discharged from the ED, admitted directly to the hospital, or ad-
mitted to the observation unit with a defined illnesses not related to
COVID-19.
2.2. Study protocol
All patients admitted to the observation unit during the study
timeframewere identified through a search in the electronicmedical re-
cord (EMR). Patients were admitted to the observation unit for any
number of reasons including dehydration, bilateral pneumonia, hyp-
oxia, abnormal vital signs including tachycardia and tachypnea, inability
to tolerate po, and dyspnea with exertion. Two blinded abstractors
screened 50 charts to determine study inclusion/exclusion and Kappa
for interrater reliability was calculated, k = 0.92 (confidence interval
[CI] 0.811–1). Discrepancies were resolved by discussion and the re-
maining charts were divided and screened. Three physicians extracted
data from the EMR following previously publishedmethods for chart re-
view [13]. Prior to data abstraction reviewers completed training to en-
sure all study variables were being collected in the same format. This
training included how and where to abstract data from the EMR, how
to complete the standardized data abstraction form, and reviewed
study variable definitions. Periodic study monitoring was also per-
formed. Reviewers were not blinded to the study hypothesis.
Data was input into a standardized data collection form in RedCap
(Vanderbilt University, Nashville, TN).We collected demographic infor-
mation, previously documented medical comorbidities, initial ED vital
signs, lowest room air oxygenation saturation, ambulatory oxygenation
saturation (if recorded), laboratory testing, imaging findings, treatment
in the ED and observation unit, disposition and outcomes. All of these
factors were analyzed as potential predictor variables. The primary out-
come assessed potential risks factors associatedwith hospital admission
in patients initially admitted to an ED observation unit with COVID-19
or suspected COVID-19. We also assessed the percentage of patients re-
quiring hospital admission from the observation unit and mortality
within 7 days of initial visit.
2.3. Data analysis
Descriptive statistics were calculated for patients requiring admis-
sion from the observation unit. Normality assumption was checked
with the Shaprio-Wilk test; means (with standard deviations) and me-
dians (with inter-quartile ranges) were calculated, as appropriate.2
Means were compared with an unpaired t-test, medians with the
Wilcoxon Rank-Sum Test, and bivariate frequencies with Pearson's
Chi-Square or Fisher's Exact test, where appropriate. Univariate logistic
regression (LR) was used to assess the association of demographic and
clinical data with the primary outcome. Continuous predictors were di-
chotomized (rounded to the nearest whole number) with a cut-point
determined by Youden's J statistic. To avoid introducing bias associated
with complete case analysis, any variables with missingness >5% were
excluded from consideration as predictors. Univariate predictors with
a p-value <0.05 were then entered into a multivariable LR model to as-
sess the independent contribution of each predictor. Additional candi-
date predictors were selected for assessment in the multivariable
model based on a priori clinical plausibility of contributing to the pri-
mary outcome including age, history of cardiopulmonary disease, cur-
rent smoker, and obesity (Body Mass Index [BMI] >30 kg/m2). Given
the rapidly changing clinical environment and management recom-
mendations during the pandemic, visit date was also assessed as a pre-
dictor in the multivariable model. To avoid over-fitting, an events-per-
variable ratio of 10:1 was used. Final variable selection was based on
comparison Akaike's Information Criteria, area under the receiver oper-
ating characteristic curve (AUC), and the Hosmer-Lemeshow test,
amongst the candidate models. Three-component composite predictor
variables, with candidates selected using the aforementioned criteria,
were also constructed to assess the combined association of all predic-
tors (i.e. predictor A and B and C) with the primary outcome. The two-
tailed significance levelwas set at 0.05 for all comparisons. Given the ex-
ploratory nature of this study and the novelty of SARS-CoV-2 disease, a
post-hoc power calculation was not performed. Statistical analysis was
completed using SAS version 9.4 (SAS Institute, Cary, NC).3. Results
Two hundred and seventy-five patients were admitted to the obser-
vation unit during the study period. Of the 116 patients meeting inclu-
sion criteria, 33 (28%, CI 20–37%) required admission to the hospital,
see Fig. 1. The mean age was 52.6 years (SD 14.4, range 20–85 years),
and the median duration of symptoms prior to evaluation was 7 days
(IQR7, range 0–30 days). African American andHispanic patients repre-
sented a majority of the study population, 72%. Table 1 shows patient
characteristics comparing patients who required hospital admission
versus those who did not. Patients requiring hospital admission were
more likely to be Hispanic, non-smokers and have a longer duration of
symptoms (7 versus 5 days, p = 0.04).
Of the 33 patients who required hospital admission, 5 (15%) re-
quired admission to the intensive care unit during the course of their
hospitalization. Two patients were admitted directly from the observa-
tion unit to the intensive care unit for hypoxic respiratory failure; one
patient required a non-rebreather and the other non-invasive ventila-
tion. The other 3 patients were initially admitted to the floor and later
admitted to the intensive care unit requiring intubation for hypoxic re-
spiratory failure. No patients died during their hospital stay or within
Table 1






Age (years), Median (Range) 52.4 (21–85) 52.6 (20–81) 0.9400
Gender (%) 0.4138
Female 14 (42.4) 43 (51.8)
Male 19 (57.6) 40 (48.1)
Race 0.014
Black 10 (30.3) 36 (43.4)
Hispanic 18 (54.5) 20 (24.1)
White 3 (9.0) 20 (24.1)
Other 2 (6.1) 7 (8.4)
Metric BMI, Median (Q1, Q3) 29.1 (25.6, 32.7) 28.9 (25.0, 35.9) 0.9500
Symptom onset, days (range) 7.0 (1–14) 5.1 (0−30) 0.0400
Symptoms
Shortness of breath 26 (78.8) 60 (72.3) 0.6389
Cough 30 (90.9) 68 (81.9) 0.2707
Fever 19 (57.6) 51 (61.5) 0.8337
Chest Pain 8 (24.2) 25 (30.1) 0.6500
Diarrhea 6 (18.1) 16 (19.2) 1.0000
Vomiting 4 (12.1) 14 (16.9) 0.7767
Co-morbidities
Smoking 2 (6.06) 20 (24.1) 0.0339
Diabetes mellitus 12 (36.4) 24 (28.9) 0.5061
Hyperlipidemia 9 (27.3) 26 (31.3) 0.6700
Hypertension 14 (42.4) 44 (53.0) 0.4107
Heart Failure 3 (9.0) 6 (7.2) 0.7124
Ischemic Heart Disease 1 (3.0) 5 (6.0) 0.6730
Cancer 3 (9.0) 6 (7.2) 0.7124
COPD 4 (12.1) 13 (15.7) 0.7751
Asthma 3 (9.0) 14 (16.9) 0.3885
HIV/AIDS 0 (0.0) 2 (2.4) 1.000
Taking Immunomodulators 0 (0.0) 4 (4.8) 0.5765
Taking Chemotherapy 0 (0.0) 1 (1.2) 1.000
Taking Chronic Steroids 0 (0.0) 2 (2.4) 1.000
Obesity (BMI >30) 14 (42.4) 36 (43.4) 1.000
P-values that are significant are bolded.
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discharged from the observation unit. Of these patients, 11 were
discharged on supplemental oxygen. Nine (11%) patients returned to
the ED within 7-days.
3.1. Testing and imaging
Sixty-eight (59%) of patients tested positive for COVID-19 by nasal
swab polymerase chain reaction, 41 (35%) tested negative, and 7 (6%)
were not tested. One hundred and twelve (97%) patients had chest im-
aging performed, 106 (95%) had a chest radiograph and 6 (5%) had com-
puted tomography alone. Of these patients, 59 (53%) had multifocal
infiltrates on chest imaging, 12 (11%) had single lobe (focal) findings,
and 41 (37%) had no acute pulmonary findings.
3.2. Treatment
While in the ED and observation unit, 60 (52%) of patients were
treatedwith antibiotics, 26 (22%)were treatedwith hydroxychloroquine,
and 47 (41%) received supplemental oxygen.
3.3. Univariate analysis
On univariate LR analysis, the following characteristics were associ-
ated with an increased odds of admission from the observation unit:
room-air oxygen saturation < 95% at any time during ED care (odds
ratio [OR] 4.66, CI 1.96–11.10), chest x-ray (CXR) findings as interpreted
by a board certified Radiologist (bilateral infiltrates versus clear, OR
7.29, CI 2.30–23.08 and unilateral versus clear, OR 3.08, CI 0.58–16.30;
p = 0.003 for the overall association between CXR and admission),
onset of symptoms >3 days (OR 3.17, CI 1.11–9.07). History of3
cardiopulmonary disease (OR 0.38, CI 0.17–0.87), being a smoker (OR
0.20, CI 0.05–0.93), and non-Hispanic race (OR 0.31, CI 0.12–0.79 for
Black versus Hispanic and 0.17, CI 0.04–0.66 for White versus Hispanic,
respectively) were associatedwith reduced odds of admission. No other
predictors were significantly associated with admission, including age
and date or week of visit (data not shown).
3.4. Multivariable analysis
The final multivariable LR model included room-air oxygen satura-
tion > 95% ([RA95] yes versus no), CXR findings (clear versus unilateral
infiltrates versus bilateral infiltrates) and age (for the global null hy-
pothesis that all ORs =1, p = 0.003). While the independent effect of
age was not statistically significant, it was retained in the model “by
meaning” (i.e., given the weight this factor is given by clinicians when
making admission decisions). The adjusted ORs from the final model
are age (OR 1.0, CI 0.97–1.04), RA95 (OR 3.11, CI 1.23–7.88), and CXR re-
sult (bilateral infiltrates versus clear, OR 5.57, CI 1.66–18.96 and unilat-
eral infiltrates versus clear, OR 2.77, CI 0.50–15.35); p = 0.02 for the
overall association of CXR result with admission. AUC for the full
model is 0.76, CI 0.66–0.86. Interactions between age and CXR result
and age and RA95 were not significant and thus were not retained in
the final model.
For the three-factor composite predictor of age > 48 (the optimal
cut-point based on Youden's J statistic), bilateral infiltrates, and room-
air oxygen saturation < 95% (n = 13), the OR for admission was 4.99
(CI 1.50–16.65) with an AUC of 0.59 (CI 0.51–0.67); for bilateral infil-
trates, room-air oxygen saturation < 95%, and Hispanic race (n = 15),
the OR for admission was 6.78 (CI 2.11–21.85) with an AUC of 0.62 (CI
0.54–0.71).
4. Discussion
Patientswith COVID-19 present to the EDwith varying degrees of ill-
ness [3]. Much of the prior published data regarding COVID-19 patients
has focused on the severe side of the spectrum, for example determin-
ing risk factors for intensive care unit admission,mortality andmechan-
ical ventilation [3,14-16]. However, disposition decisions from the ED in
patients who are lower risk for adverse outcomes remains a challenge,
with limited data and no current guidelines to help guide these deci-
sions. Clinical decisions aids, such as the Pulmonary Embolism Rule-
out Criteria (PERC), utilize composite predictor variables to identify pa-
tients at higher or lower risk for a disease or outcome and their use can
reduce practice variability [17].
In this studywe evaluated a lower risk cohort of patients admitted to
an observation unit.We found that over 1/4 of patients subsequently re-
quired hospital admission, with 3 of these patients requiring intubation
for respiratory failure. Risk factors independently associated with ad-
mission onmultivariable LR included hypoxia (room-air oxygen satura-
tion < 95%), bilateral infiltrates on chest radiography, adjusted for age,
with anAUC of 0.76, CI 0.66–0.86. This suggests that patientswith either
hypoxia or bilateral infiltrates on chest radiography (or both) have a
high likelihood that they will require hospital admission—regardless of
age—and thus may not be suitable for the observation unit.
Composite predictor variables offer the advantage of providing de-
tails on the effect of patientswhomeet all the component criteria, rather
than the individual effects provided inmultivariablemodels. A potential
drawback, however, is thatmore complex compositesmay only capture
a small number of patients (i.e., those who meet all criteria). Thus, we
elected to limit our composite predictor to three components. For the
three-factor composite predictors, bilateral infiltrates, hypoxia, and His-
panic race (OR for admission of 6.78 (CI 2.11–21.85), AUC of 0.62 (CI
0.54–0.71)) performed slightly better than the combination of
age > 48, bilateral infiltrates, and hypoxia (OR for admission 4.99 (CI
1.50–16.65), AUC of 0.59 (CI 0.51–0.67)). This suggests that patients
meeting either of the above composite predictor models have high
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mission for these patients. While the point estimate from the first com-
posite predictor (bilateral infiltrates, hypoxia, and Hispanic race) is
greater than the independent ORs from the multivariable model, the
AUC from the latter is greater. Thus themultivariablemodel, which cor-
rectly classifies a greater proportion of patients, likely represents amore
efficient approach.
This study differs from prior literature finding that cardiovascular
co-morbidities such as heart failure, coronary artery disease, type 2 dia-
betes and obesity were associated with increased illness severity
[14,16,18,19]. In our study we did not find these risk factors to be sig-
nificant for those patients with more severe disease who required
admission. In factwe found on univariate analysis that history of cardio-
pulmonary disease was associated with reduced odds of admission,
however this did not hold true on multivariate analysis. To account for
the differences between our study and prior studies, it is possible that
our patient sample was too small to see a difference or more likely
that patients who were directly admitted from the ED (which were
excluded from this study) were more likely to have these associated
medical co-morbidities.
Zhou et al. [11] found that older age was associated with in-hospital
mortality onmultivariable regression analysis with an OR of 1.1 (95% CI
1.03–1.17). In our study agewas not statistically significantly associated
with need for hospital admission, however, it was retained in themodel
“by meaning” as the age of a patient is a strong factor weighed by clini-
cians when making admission decisions. The median age of included
patients was 52 years with a range of 20 to 85 years old. It is likely
that most older patients were directly admitted from the ED and thus
excluded from this analysis. When taking into account age > 48, as
determined to be the optimal cut-point based on Youden's J statistic,
in addition to bilateral infiltrates on CXR and hypoxia (oxygen satura-
tion < 95%) the likelihood of needing admission is high (OR 4.99).
Prior data has shownmixed evidencewith regards to smoking status
whether it is associated with disease severity and worse outcomes
[20,21]. Interestingly, in our study we found that patients who were
non-smokers were more likely to require admission when compared
to smokers (p< 0.05). However, this did not remain significant onmul-
tivariable analysis. It is therefore probable that other confounding fac-
tors explain this association, although we did not explore exactly what
other factors accounted for this.
We found that length of disease, on univariate analysis, was associ-
ated with an increased odds of admission. Greater than 3 days of illness
had an OR of 3.17, CI 1.11–9.07. This is similar to prior studies showing
that patients develop severe symptoms later in their disease course,
typically after 7–10 days [11,15]. However, this did not remain signifi-
cant on multivariable analysis.
As we learnmore about management and disposition of low risk ED
patients presenting with presumed COVID-19 it is important to recog-
nize risk factors associated with hospital admission to guide disposition
decisions. In this study we found a high rate of treatment failure in pa-
tients initially admitted to an observation unit. Risk factors indepen-
dently associated with admission included hypoxia and bilateral
infiltrates on chest radiography, while the combination of these factors
with either age > 48 or Hispanic race were likewise associated with ad-
mission. Future larger prospective studies are needed to potentially de-
velop a decision tool to help guide disposition decisions from the ED.
4.1. Limitations
The study has several important limitations. This was a descriptive
study with no comparison group, so our findings cannot determine
any definitive association with changes in outcomes. Our screening
criteria could have excluded somepatientswhowere in the observation
unit with suspected COVID-19. During this time, our institution had a
limited supply of test kits and set guidelines as to who qualified for test-
ing. Patient whowere youngerwith no comorbid conditionswere often4
not tested due to these guidelines. These patients could have been ex-
cluded if the ED clinician and the observation unit clinician did not ex-
plicitly note concern for COVID-19. Furthermore, patients who did not
have a documented concern for COVID-19, no COVID-19 testing or-
dered, and had unilateral or clear CXR findings could have been ex-
cluded as well. We assume these cases are rare due to the heightened
concern during the studyperiod leading to increased documentation re-
garding COVID-19. Additionally, we found a high interrater reliability
between two blinded reviewers for patient inclusion/exclusion making
it less likely we missed any patients who should have been included for
analysis.
As this was a retrospective chart review the decision to admit to the
observation unit, admit to the inpatient unit or discharge was done en-
tirely at the providers' discretion. Most of these patients were likely ad-
mitted as they were in a disposition “grey-zone” and providers likely
felt an additional 24-h period would assist in their ultimate disposition.
However, we realize that providers have different practice patterns and
we could have included patients who would have been discharged or
admitted if seen by another provider. In addition, the decision to
admit a patient from the observation unit takes into account multiple
patient, provider and hospital factors, and differs from clinician to clini-
cian [22,23]. However, all 33 patients requiring admission to the hospi-
tal in this study were admitted for worsening respiratory status.
The decision to order labs and radiographs was completely depen-
dent on the provider. Our observation unit does require basic laboratory
investigations (BMP, CBC) and often a CXR in those patients with respi-
ratory complaints, but other labs such as d-dimer, LDH were provider
dependent. We assume patients deemed higher risk for more severe
disease hadmore labs drawn, but this assumptionmay not have always
been true.
This study included patients from a single center over 6 weeks.
While this period was during the peak COVID-19 surge experienced
at our institution, it does only represent a subset of patients from
one ED during a finite period of time. Additionally, these data were
collected from a large urban academic county ED, which may limit
generalizability.
5. Conclusion
In this small retrospective study of patients with confirmed or
suspected COVID-19 we found that over one-quarter of presumed
lower risk patients initially admitted to an ED observation unit ulti-
mately required admission to the hospital. Irrespective of age, room-
air oxygen saturation < 95% or bilateral infiltrates on CXR were associ-
ated with increased risk of admission (OR 3.11[CI 1.23–7.88] and OR
5.57 [CI 1.66–18.96], respectively). Two predictor models for admission
included: 1) age > 48, bilateral infiltrates and hypoxia (OR 4.99, AUC of
0.59, CI 0.51–0.67), and 2) Hispanic race, bilateral infiltrates and hyp-
oxia (OR 6.78, AUC of 0.62 (CI 0.54–0.71). This data supports that pa-
tients with these findings may require hospital admission as they have
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